INTRODUCTION {#sec1-1}
============

Greenhouse gases which include: water vapour, carbon dioxide, nitrous oxide, halogenated flurocarbons and hydroflurocarbons (HFCs)\[[@ref1]\] absorbs the infrared radiation in the atmosphere and in turn makes the earth warmer. Over the last 100 years, the average air temperature near the earth′s surface has risen by a little less than 1 degree Celsius or 1.3 degrees Fahrenheit. The data show that an increase of 1 degree Celsius makes the earth warmer now than it has been for at least a thousand years. The top 11 warmest years on record have all been in the last 13 years, said NASA in 2007, and the first half of 2010 has already gone down in history as the hottest ever recorded. The UN climate change body, the Intergovernmental Panel on Climate Change (IPCC) says that global surface temperature will probably rise a further 1.1 to 6.4 degrees Celsius (2.0 to 11.5 degrees Fahrenheit) during the 21^st^ century.\[[@ref2]\] The GWP (Global Warming Potential) factor of a substance is calculated as the warming potential over *e.g*. 100 years for a kilogram of the substance in gaseous phase relative to a kilogram of carbon dioxide (CO~2~).\[[@ref3]\] Global warming potentials are used to compare the strength of different greenhouse gases (GHGs) to trap heat in the atmosphere relative to that of CO~2~.\[[@ref4]\] Inhaled anesthetics are recognized GHGs. Calculating their relative impact during common clinical usage will allow comparison to each other and to CO~2~ emissions in general.\[[@ref5]\] While no one is suggesting that patients should not receive needed anesthetics because of the risk of climate change, some simple steps could help to limit their environmental impact.\[[@ref6]\] Introduction of a new anesthetic agent--Xenon will be helpful to prevent global warming in the future.

ANESTHETIC GASES {#sec1-2}
================

Desflurane is halogenated ether. Together with sevoflurane it is gradually replacing isoflurane. It has the most rapid onset and offset of the volatile anesthetics due to its low solubility in blood.\[[@ref7]\]

Isoflurane (1-chloro-2,2,2-trifluoroethyldifluoromethyl ether) is a halogenated ether. It is now being replaced with sevoflurane, desflurane and the intravenous anesthetic propofol.\[[@ref8]\]

Nitrous oxide (N~2~O) is a colorless, non-flammable gas, with a pleasant slightly sweet odor. It is commonly known as laughing gas due to the exhilarating effects and is used in surgery and dentistry for its anesthetic and analgesic effects.\[[@ref9]\]

Sevoflurane (2, 2, 2-trifluoro-1-(trifluoromethyl) ethyl ether), also called fluoromethyl, is a halogenated ether used for induction and maintenance of general anesthesia. Together with desflurane, it is replacing isoflurane and halothane in modern anesthesiology. After desflurane it is the volatile anesthetic with the fastest onset and offset.\[[@ref10]\]

These inhalant anesthetics undergo very little metabolic change in the body -- the gases exhaled by the patient are almost identical to those administered by the anesthetist. The anesthetics "usually are vented out of the building as medical waste gases". "Most of the organic anesthetic gases remain for a long time in the atmosphere where they have the potential to act as greenhouse gases."\[[@ref5]\] The average composition of the waste gases is estimated to be:\[[@ref11]\]

Oxygen 25-30%

Nitrogen 60-65%

Nitrous oxide 5-10%

Volatile halocarbon 0.1-0.5%.

PARTS OF ATMOSPHERE {#sec1-3}
===================

The atmosphere is subdivided into various parts. The lowermost layer is the troposphere between 8 to 18 kilometers. Above this, up to 50 km is the stratosphere. The others are the mesosphere, thermosphere and exosphere. For us only the troposphere and stratosphere are important. They are referred as atmosphere in this article.\[[@ref12]\]

Atmospheric/Tropospheric lifetimes of halogenated anesthetics {#sec2-1}
-------------------------------------------------------------

The atmospheric lifetimes of the halogenated anesthetics halothane, enflurane, isoflurane, desflurane and sevoflurane have been determined from observations of hydroxyl radical (OH) reaction kinetics and ultraviolet (UV) absorption spectra. Rate coefficients for the reaction with OH radicals for all halogenated anesthetics investigated ranged from 0.44 to 2.7×10^-14^ cm^3^/molec/s. Halothane, enflurane and isoflurane showed distinct UV absorption in the range 200-350 nm. No absorption in this wavelength range was detected for desflurane or sevoflurane. The total atmospheric lifetimes, as derived from both OH reactivity and photolysis, were 4.0-21.4 years. It has been calculated that up to 20% of anesthetics enter the atmosphere. Comparison with a one-dimensional model indicates that the lifetimes of halothane, enflurane and isoflurane with respect to this reaction are two, six and five years, respectively. Thus the small production of the anesthetics is not offset by anomalously long atmospheric lifetimes to give a large atmospheric burden of the compounds.\[[@ref5][@ref12]\]

### Ozone depletion potential {#sec3-1}

As a result of chlorine and bromine content, the ozone depletion potential (ODP) relative to chlorofluorocarbon (CFC)-11 varies between 0 and 1.56, leading to a contribution to the total ozone depletion in the stratosphere of approximately 1% by halothane and 0.02% by enflurane and isoflurane. The stratospheric impact and their influence on ozone depletion is of increasing importance because of decreasing chlorofluorocarbons globally.\[[@ref12]--[@ref14]\]

CLIMATE IMPACT OF THE ANESTHETIC GASES {#sec1-4}
======================================

Nitrous oxide--nothing to laugh about {#sec2-2}
-------------------------------------

It is a mainstay in anesthesia, having been used for over 150 years. Clinical sources of N~2~O form only 1% of the total human contribution of this gas to the atmosphere, which contributes less than 0.05% to the greenhouse effect. As a waste anesthetic it contributes roughly 0.1% of the whole global warming. In recent years, the climate impact from the use of N~2~O in healthcare has become topical.\[[@ref3][@ref15][@ref16]\] When choosing an anesthetic, it is important to consider all aspects of environmental responsibility, not just global warming. Its long atmospheric lifetime of about 150 years and its strong warming potential, more than 300 times stronger than CO~2~, makes it an effective agent of global warming.\[[@ref17]\] It is involved in the destruction of the ozone layer. Contribution to human-induced climate change is 7%.

Isoflurane, sevoflurane and desflurane {#sec2-3}
--------------------------------------

Institute for vibrant living (IVL) has conducted a literature review to find information on the climate impact of anesthetic gases, which was also compared with the climate impact from energy use.

The only study concerning isoflurane and sevoflurane found in peer-reviewed literature was a German study from 1999. This study calculated GWP relative to CFC-12 rather than CO~2~.

GWP100 (hundred-year GWP) values for the inhaled anesthetics:\[[@ref3]\]

Desflurane-1526, N~2~O-296, isoflurane-350, sevoflurane-575.

GWP~20~ (Twenty-year GWP) values for the inhaled anesthetics:\[[@ref15]\]

Sevoflurane-349, isoflurane-1401, desflurane-3714.

CDE~20~ (carbon dioxide equivalent) values for 1 MAC-hour at 2 L fresh gas flow (N~2~O/O~2~):sevoflurane-1, isoflurane-2.2, desflurane-26.8.\[[@ref15]\]

When 60% N~2~O/40% oxygen replaced air/oxygen as a carrier gas combination, and inhaled anesthetic delivery was adjusted to deliver 1 MAC-hour, sevoflurane CDE~20~ values were 5.9 times higher with N~2~O than when carried with air/O~2~, isoflurane values were 2.9 times higher, and desflurane values were 0.4 times lower. On a 100-year time horizon with 60% N~2~O, the sevoflurane CDE~100~ values were 19 times higher than when carried in air/O~2~, isoflurane values were 9 times higher, and desflurane values were equal with and without N~2~O.\[[@ref15]\]

In order to compare the climate change potential of the different anesthetic gases based on the current consumption volumes, the Lund University Hospital results shows that N~2~O stands for practically 100% of the climate change potential, although it has the lowest GWP factor out of the four anesthetic gases, the consumed volume of N~2~O far outweighing the volumes used of the other gases.\[[@ref3]\] Climate impact of the use of anesthetic gases was compared with the climate impact of energy use. Lund University Hospital used 37 000 MWh of electricity and 50 332 MWh of district heating in 2006. Climate impact of the anesthetic gases corresponds to about one-third of the climate impact emanating from energy use.\[[@ref3]\]

CONCLUSIONS {#sec1-5}
===========

Although isoflurane,\[[@ref3]\] sevoflurane and desflurane all have higher GWP factors than N~2~O, and the GWP factor of desflurane is five times higher than that of N~2~O, N~2~O is contributing the most to increased climate impact (99.97%) as the consumption volumes of N~2~O far exceed those of the other anesthetic gases.

Replacing N~2~O with the other anesthetic gases may be beneficial. The anesthetic effect can be achieved with lower use volumes than the corresponding effect of N~2~O. This was not studied.

The climate impact of anesthetic gases corresponds to about one-third of the climate impact of the use of electricity and district heating.

N~2~O is destructive to the ozone layer as well as possessing GWP, it continues to have impact over a longer timeframe, and may not be an environmentally sound tradeoff for desflurane. Avoiding N~2~O and unnecessarily high fresh gas flow rates can reduce the environmental impact of inhaled anesthetics.\[[@ref15]\]

Desflurane has a much longer "lifetime" in the atmosphere than the other anesthetics studied, 10 years, compared to 1.2 years for sevoflurane and 3.6 years for isoflurane. Considering the flow rates at which the different anesthetics were given, desflurane had about 26 times the GWP of sevoflurane and 13 times the impact of isoflurane.\[[@ref6]\]

Inhaled anesthetics are recognized greenhouse gases. They are "medically essential" and have been only cursorily investigated.\[[@ref15]\]

Depending on the types of anesthetic used, an average midsize hospital has an environmental impact comparable to that of 100 to 1,200 cars per year. Using desflurane for one hour is equivalent to 235 to 470 miles of driving.\[[@ref6]\]

PREVENTION OF GLOBAL WARMING BY INHALED ANESTHETICS {#sec1-6}
===================================================

Nitrous oxide {#sec2-4}
-------------

In the UK 100 ppm for each eight-hour work period, safety is assured with routine scavenging system. Produced by digesting bacteria, nitrous oxides are part of the nitrogen cycle, one of the most important chemical reactions on earth. Emissions from transportation, once a major source of nitrous oxide, have decreased recently due to the use of catalytic converters in modern cars. Reducing nitrous oxide emissions is also cheaper than reducing CO~2~ or methane emissions, according to the US Environmental Protection Agency.\[[@ref17]\]

Other inhaled anesthetics {#sec2-5}
-------------------------

### Ontario hospital clean air challenge\[[@ref4]\] {#sec3-2}

This encourages investigating how to remove the volatile halocarbons of waste anesthetic gases from surgical facilities before such gases are vented to the atmosphere.

Use scavenging systems.Employ capture technology that uses canisters to collect anesthetics.Waste reduction.Improve segregation of non-hazardous waste from biomedical waste.Usage of single-use items.Use less disposables.More reprocessing of instruments within hospital.

To reduce hazardous chemical emissions levels:

Introduce new ideas.Change engrained behavior and create the desire among staff, patients, suppliers and volunteers to attempt something different.Involve green team/environmental team, medical gas and equipment suppliers.Let people know about the success of new operation room gas reclamation project and the impact it is having on cost saved and environmental damage spared.Use protocol from colleagues, workshops, training seminars.Stress importance of the new initiatives (emissions reduced, cost saved, improved health \[patient/staff and environmental\] benefits, quantity of hazardous materials/chemicals reduced from workplace, etc.)Consider putting your message in their native language.A reward for reducing use or exposure to specific agents and chemicals for staff.

Collect baseline data which contributes information to overall program reporting for environment and cost analysis.

### Blue-zone technologies\[[@ref18]\] {#sec3-3}

A technology to capture, reclaim, and purify halogenated inhalation anesthetic gases used in hospital operating rooms. The technology could capture the vented gases and thereby extend the lifecycle of the anesthetic gases by 10 to 20 times. In future, this technology could enable hospitals to achieve significant savings in their expenditures on anesthetic gases as well as preventing harmful GHG emissions.

### Hospitals for a healthy environment (H2E)\[[@ref19]\] {#sec3-4}

A national movement for environmental sustainability in healthcare. H2E is educating healthcare professionals about pollution prevention opportunities and providing a wealth of practical tools and resources to facilitate the industry′s movement toward environmental sustainability.

### Scavenging\[[@ref20][@ref21]\] {#sec3-5}

A simple scavenging system outside the operating room leads to 97.3% reduction of the mean concentration of halothane in the operation room atmosphere and reduction of 72% end-tidal samples of anesthetics with Magill semi-closed circuits. The scavenging systems can pose a serious risk to patients because of faulty or inappropriate equipments and inadequate checking.

"Inhaled anesthetics are 'greenhouse gases' that facilitate the trapping of solar energy and contribute to global warming," comments Dr. Steven L. Shafer of Columbia University, Editor-in-Chief of *Anesthesia and Analgesia*. "This study calculates how much inhaled anesthetics contribute to greenhouse gas emissions, and offers specific suggestions about how anesthesiologists can reduce the impact of anesthesia care on global warming."

XENON - A MODERN ANESTHETIC {#sec1-7}
===========================

Xenon (XE) is well known as an inert gas.\[[@ref22]\] Although named after a Greek word for ′stranger′, Xenon is becoming less of a stranger for anesthesiologists. Lawrence published initial experiments with xenon anesthesia in 1946. Xenon belongs to the group of noble gases and is found in very small concentration in the air (0.0000087%). It is manufactured by fractional distillation of liquefied air, which is obtained as a byproduct during the process of pure oxygen production. After several separation processes, a purity of 99.995% can be obtained, only impurity being O~2~ and N~2~. The production of one liter of xenon consumes 220-Watt hours of energy. The current world production of xenon is approximately 10 million liters per year. Only 1.5 million liters per year is utilized for medical purposes, with half of this amount being used for anesthetic purposes. The cost of Xe is extremely high (approx USD 10.00 per liter).

Mechanism of action {#sec2-6}
-------------------

Xenon inhibits plasma membrane Ca++ pump, which may be responsible for an increase in neuronal Ca++ concentration and altered excitability.It acts selectively by blocking the N-methyl-d-aspartate (NMDA) receptor. This NMDA receptor inhibitor is responsible for inhibition of the nociceptive responsiveness of the spinal dorsal horn neurons. Xe inhibits the function of the NMDA subtype of the glutamate receptor and nicotinic acetylcholine receptor. How it does so remains a mystery. Being inert, it displays an extremely low chemical reactivity, therefore it alters the function of these receptors via physiochemical means.It hardly affects the function of the gamma-amino butyric acid receptor but produces hypnotic effect electrophysiologically.

Xenon has many properties of an ideal anesthetic gas.\[[@ref22]\] These include:

Non-inflammable and non-explosive.Rapid induction and emergence due to its low blood gas partition coefficient (0.12), which is the lowest of all known anesthetics.Minimum alveolar concentration (MAC) value of 0.63 makes it suitable as sufficient analgesic and hypnotic effect in a mixture of 30% O~2~. It is 1.5 times more potent than N~2~O.The absence of metabolism, low toxicity and devoid of teratogenicity.Xenon anesthesia produces highest regional blood flow in the brain, liver, kidney and intestine. Dangers of tissue hypoxia are greatly reduced. It therefore appears to be an interesting alternative for anesthesia in transplant surgery.It may protect neural cells against ischemic injury. During cardiopulmonary surgery its neuroprotective effect is confirmed.Despite higher density than N~2~O it does not alter respiratory mechanics. Airway resistance is not increased and diffusion hypoxia is less than N~2~O.Xenon does not alter voltage-gated ion channels in the myocardium, nor does it sensitize the myocardium to the dysrhythmogenic effects of epinephrine. Lack of cardiovascular depression is the most appealing characteristic of Xenon. Even with 80% concentration of Xe, Ca++\[[@ref23]\] flow in human cardiomyocytes remains unaffected.The unique combination of analgesia, hypnosis and lack of hemodynamic depression\[[@ref24]\] makes it a very attractive choice for patients.

Xenon and the global environment {#sec2-7}
--------------------------------

Xe being a part of atmosphere and manufactured from liquefied air, does not add to atmospheric pollution when emitted from the anesthetic circuit because it simply goes back to the atmosphere. It does not contribute to the depletion of the ozone layer and global warming.

Future of anesthesia {#sec2-8}
--------------------

Because of its rarity and expensiveness, the use of this gas as an anesthetic agent can be justified only if its waste is reduced to absolute minimum. It must be applied via rebreathing system using the lowest possible gas flow.\[[@ref25]\]An electronically controlled anesthesia delivery system that continuously monitors gas concentration inside the breathing circuit may be used for this purpose. A closed loop feedback control mechanism delivers Xe and oxygen into the system in the amount needed to maintain constant gas concentration and circulating gas volume.Recycling of Xe contained in the gas escaping via the exhaust port rather than wasting it into the atmosphere is the only way to guarantee the availability of a sufficient amount of Xe for routine use as an anesthetic gas.The environment friendliness of Xe strongly appeals to the increasing numbers of ecologically minded people in the anesthesia community.Mankind may not be able to live through the 21^st^ century if global warming and other forms of atmospheric pollution continue at the present rate.

It is hoped that the above information will encourage critical thinking about the venting of anesthetic agents that contribute to GHG emissions and environmental pollution and help invoke changes within your organization′s operating room practices.
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